Under the current global warming trend, droughts are expected to increase, with serious implications for water resources management. This study analyzed the regional aspects of droughts in terms of streamflow deficiencies over the Andean rivers of Patagonia, Argentina. Based on the variable threshold level method, the main characteristics of streamflow droughts were obtained for the hydrological years 1962/63-2014/15, considering three different severity levels over 11 representative basins. Two distinct regional behaviors were identified in terms of temporal variations of streamflow drought duration and its cumulative deficit volume, dividing the study area into North and Central Patagonia. The effects of the Southern Annular Mode (SAM), the El Niño-Southern Oscillation (ENSO), and the Pacific Decadal Oscillation (PDO) on the interannual and interdecadal variability of streamflow droughts were assessed through an empirical decomposition applied to the regional time series. These large-scale climatic oscillations have a distinct regional and temporal behavior in terms of the modulation of streamflow drought variability. Considering the interannual streamflow drought variability, the El Niño signal is more consistent and contributes with humid conditions, especially over North Patagonia. The multi-decadal component of the streamflow drought time series is linked to the upward trend in SAM, particularly over Central Patagonia.
INTRODUCTION
Extreme hydrometeorological events are recurrent natural hazards that generate negative impacts on ecosystems and human activities. From these events, droughts are one of the costliest and least understood natural disasters, with multiple regional aspects that highlight the vulnerability of societies. According to the Fifth Assessment Report (AR5) shortages propagate in the hydrological cycle and generate periods of streamflow deficits, usually it is hard to identify the beginning of this abnormal condition, its evolution, and end; this often leads to disagreement between scientists and policy-makers regarding drought declaration. From a scientific and practical point of view, understanding the changing characteristics of drought and wetness variations is of essential importance for improving integrated water resources management at the catchment scale and human mitigation of hydrological alterations (Ye et al. ) . Therefore, a thorough knowledge of hydrological drought characteristics is relevant for the success of drought preparedness and mitigation, mainly in regions that exhibit a high dependency upon river flows. Moreover, an increased knowledge of the physical processes governing hydrological drought is needed in order to improve both monitoring tools and short-and long-term forecasts. Some of the challenges for hydrological drought research are summarized in Van Loon ().
Drought indices are important tools for drought characterization and prediction due to their abilities to simplify the complex interactions among various climate and climate-related variables (Zhu et al. ) . Usually a drought index is essential for assessing the effect of drought and defining different parameters, including intensity, duration, severity, and spatial extent (Arabzadeh et al. ) .
The focus on hydrological drought is usually performed in terms of the assessment of streamflow drought, defined as a below-normal river discharge. Two kinds of indices are typically used when analyzing streamflow droughts: the threshold level method and the standardization of data into regularly used drought indices (Rangecroft et al. ) . The threshold level method has the following advantages over the commonly used standardized indices, such as the standardized runoff index (SRI) (Shukla & Wood ) or the standardized streamflow index (SSI) (Vicente-Serrano et al. ): (1) no a priori knowledge of probability distributions is required and (2) drought characteristics such as frequency, duration, and severity are directly determined if the threshold is set using droughtaffected sectors (Sung & Chung ) . Moreover, the methodology should consider the daily variations of the hydrographs to define threshold levels, in order to quantify the hydrological cycle in a better way than considering a yearly fixed value. With this methodology, a drought event starts when the flow falls below the threshold, and ends when the threshold is exceeded or when the water deficit volume below the threshold has been replenished (Stahl ) . For practical reasons, thresholds are often derived from percentiles of the flow duration curve, commonly ranging between the 70th and 95th percentile for perennial rivers (Van Loon ). The threshold level method has the ability to define drought characteristics in all possible hydrological variables in a uniform manner (Heudorfer & Stahl  Despite such studies, much remains unknown or poorly understood about the interannual rainfall variability in Patagonia (González ) or the interdecadal variations of both precipitation and streamflow. Hydropower generation, irrigation for agricultural activities, and the availability of water for human consumption are highly sensitive to the interannual variations in streamflows, with significant consequences in periods with hydrological drought conditions.
The glaciers of the Patagonian Andes are currently shrinking rapidly, as a consequence of increases in atmospheric temperatures and reductions in precipitation (Davies & Glasser ) . Recent studies assessed the future meteorological drought characteristics over southern South America, indicating that the Patagonia region will likely face a significant increase in the number of drought events during the 21st century, with significant decreases in its mean duration and non-significant changes in its severity (Penalba & Rivera , ) . The knowledge about hydrological drought in Patagonia has several gaps and uncertainties regarding the large-scale climatic drivers, the regional differences among the basins, and the methodologies used to define this extreme phenomenon. This kind of assessment is feasible since the streamflows over Patagonia have been measured since the beginning of the 20th century, and can provide relevant parameters to be considered in several engineering applications, such as the design of reservoirs and irrigation channels based on streamflow drought characteristics.
The objective of this paper is to depict the characteristics of streamflow droughts in the main rivers of Argentinean Patagonia and its links with the temporal variations of some of the main large-scale climatic oscillations that affect the hydroclimate of Patagonia. Understanding the temporal variabilities of streamflow drought characteristics and their regional patterns is relevant for decision- 
DATA AND METHODS

Study area and data base
The assessment of streamflow droughts was performed for the Argentinian portion of Patagonia, located between 37 W and 46 W S, which comprises the major rivers of Neuquén, Río Negro, and Chubut provinces ( Figure 1 ). We discarded the analysis of the streamflow records of Santa Cruz province on the southern tip of Patagonia, given the lack of long and continuous records. Table 1 , showing records ranging from 24 to 112 years. From these records, 11 time series were selected as representative for the climatology of streamflow droughts (marked with a star in Figure 1 ), based on the quality of the data, the spatial representativeness, and the length of data. A common period between the hydrological cycles of 1962/63 and 2014/15 was considered to obtain the climatological features of streamflow droughts. the Central Andes of Argentina. In this sense, we used nine stations exclusively to fill data gaps, which explain more than 80% of the temporal behavior of streamflow in the stations selected for the climatological assessment. After these procedures, the time series selected for the climatological assessment has less than 2% of missing data during the period 1962/63-2014/15 (53 years, • ANDD: annual number of days below the selected threshold (drought days);
• ACDV: annual cumulative deficit volume standardized by seasonal mean flow (days);
• NDE: number of drought events per year.
Prior to the threshold level calculation, a moving average filter of 7 days length was applied to the streamflow time series as a pooling procedure to define an independent sequence of deficits. In order to eliminate minor droughts that can alter the streamflow drought characteristics over the basins, all drought events with a duration of less than 10 days were excluded from the analysis.
Temporal analysis
Based on the annual indices described above, we summarized the interannual and interdecadal variations of streamflow drought characteristics as regional averages. 
RESULTS
Streamflow drought characteristics at individual basins
The streamflow drought characteristics, i.e., number of drought events, mean drought duration, and mean drought severity, for the 11 selected stations during the 1962/63-2014/15 period are shown in Figure 2 , considering the three different truncation levels. A general result from the evaluation of the number of drought events and its mean duration indicates that there is a relationship between drought frequency and duration: the basins with more (less) numbers of streamflow drought events have short (large) mean duration. This is also observed considering the drought severity, which means that streamflow droughts with longer mean duration have large cumulative deficit volumes. The location of the stations with the larger values in each of the streamflow drought characteristics is dependent upon the selected threshold, showing a highly variable spatial pattern.
As expected, the number of drought events decreases as the severity level increases: there are between 100 and 170 drought events considering moderate drought conditions, 80-140 reach the severe drought category and 40-70 extreme conditions (Figure 2(a) ). The stations located on the Quemquemtreu, Chubut and Carrileufú rivers have a large number of streamflow drought events, with more than 150 events in the 53 hydrological years for the Q70 threshold. Regarding streamflow drought duration, the mean values decrease as the severity category increases, given that the time in which the river flows below the defined threshold decrease. Mean drought duration considering the Q70 threshold is between 25 and 50 days, decreasing to 20-45 days for Q80 and 15-40 days for Q90
( Figure 2(b) ). For example, mean drought duration greater than 40 days for the Q70 threshold was observed for the stations located in the western portion of Neuquén province and in the headwaters of Senguerr River (Figure 2) . The same spatial distribution is observed for the stations with higher severity, i.e., larger cumulated deficit, with values greater than 6 days. The cumulative deficit is expressed as days given that it is standardized by the mean flow, resulting in a variable denoting the number of days with mean flow needed to compensate the deficit (Van Loon ). The severity values decrease as the threshold increases, typically ranging from 1-5 days for the Q90 threshold to 3-10 days considering the Q70 level (Figure 2(c) ). Figure 1 ). Even when previous work showed a homogeneous behavior among the annual streamflows over the study area (Compagnucci & Araneo ) , the streamflow drought characteristics have two distinct regional features.
The same results were obtained considering the ACDV (not shown), indicating a strong relationship between the temporal variabilities of streamflow drought duration and severity. This is further verified in Figures 3 and 4 , where the temporal evolution of the regional annual indices is shown. The behavior of both ANDD and ACDV regional averages over the basins of North Patagonia (Figure 3) indicate a large interannual variability. Dry years with more than 200 days with streamflow drought conditions were recorded in 1962/63, 1968/69, 1989/90-1990/91, 1996/97, 1998/99, and 2012/13 . A large proportion of those years were under severe and extreme drought conditions; except for 1989/90, all the years had more than 100 days with extreme streamflow drought conditions. The above-mentioned years were coincidental with high streamflow deficits observed over the region, ranging from 40 days to over 100 days in 1998/99. In fact, the 1998/99 hydrological year recorded the higher ANDD in the three selected thresholds (307, 288, and 241 days in Q70, Q80, and Q90, respectively) and the higher ACDV (112, 79, and 42 days).
Regarding the NDE, a large interannual variability is observed, with values reaching 3 to 6 regional streamflow drought events in the drier years. The relation between the NDE and both ANDD and ACDV is not straightforward given that one single streamflow drought event can produce a greater number of dry days and cumulative deficit than several events with short duration. In some of the years, the values of the NDE were higher for the extreme drought category in comparison with the severe and moderate categories, which is related to the occurrence of dry pulses.
The regional average of the indices for Central Patagonia is shown in Figure 4 . (average oscillation of 10-13 years) contributes with more than 50 dry days. This dry period is not clearly defined in the ANDD of Central Patagonia, which is also in line with Figure 6(a) ). The regional interannual component of the ANDD over Central Patagonia exhibits a poor consistency regarding El Niño and La Niña signals (Figure 7(a) ). Ten of 18 El Niño episodes contribute to negative streamflow drought days, while nine of 16 La Niña episodes contribute to positive streamflow drought days. The higher positive contributions are observed during La Niña years of 1998/99, 1999/00, and 2007/08, with more than 50 dry days. Based on the streamflow drought climatology, we found that the basins with more (less) numbers of streamflow drought events have short (large) mean duration, and as longer (shorter) the mean duration, the larger (shorter) the cumulative deficit volume (Figure 2 ). There has been relatively limited research on the spatial aspects of hydrological drought (Van Loon ). Our results show that the spatial pattern of streamflow drought characteristics is not homogeneous (see Figure 2 ) and is also related to the selected threshold. This may be associated with the role of catchment characteristics in the modulation of the drought signal from the meteorological to the hydrological deficits, a topic that deserves further research.
In order to summarize the temporal variabilities of streamflow droughts over the study area, we applied rotated principal component analysis to the annual indices linked to drought duration (ANDD) and drought severity (ACDV).
Previous research used the same methodology for adequate 
